It is important to investigate the clothing, as well as the body, to determine the range of fire of entry wounds in firearm injuries. Clothing can affect the amount of gunshot residues (GSR) reaching the body and their distribution. The amount and distribution of the GSR also vary according to the distance between the firearm and the target.
I n cases of injuries and deaths due to gunshots, the estimation of the distance and the determination of entry wounds are very important in resolving the origin of cases. Morphologic and physical investigations of gunshot wounds are needed to decide whether they are entry wounds or not. Widely used techniques to show gunshot residues (GSR) are the dermatological nitrate test, modified Griess test, sodium rhodizonate test (SRT), atomic absorption spectroscopy, photoluminescence technique, neutron activation analysis, and scanning electron microscopy. 1, 2 Main purposes of these techniques are the determination of GSR on the clothing, around the entry wounds, and on the hand that fired the gun. Examination of the clothing, when present, is an important part of the forensic evaluation of GSR. 3 When a shot is fired, flame, soot, unburned or partially burned gunpowder, gases, and metallic particles go through the firearm barrel with the bullet. 1 Metallic particles commonly originate from the primer. Primers usually contain lead stifnate, barium nitrate, and antimony sulfite. 3, 4 In a great proportion of cases, burn marks on the clothing due to flame, soot, and unburned or partially burned gunpowder can be seen grossly. The clothing must be examined with special techniques for estimation of firing distance. While the modified Griess test is generally used and valuable in determination of nitrites, SRT is valuable and can be used in determination of heavy metallic particles. 3, [5] [6] [7] The following are the factors that can affect the amount and distribution of GSR on skin and clothing: firing distance, the length of the firearm barrel, the type and burning rate of the gunpowder, weight and moisture of the gunpowder, the diameter of the firearm barrel, the angle between the firearm barrel and the target, the content and type of the cartridge, the physical characteristic of the environment (moisture, wind, heat), type of clothing, the objects between the firearm barrel and target, and the characteristic of the target (tissue type, putrefaction, blood marks).
In the examination of GSR, gross examination may complement other methods like chemical analyses. Histologic identification can be regarded as one of these complementary methods. 1, 8 Alizarin Red S (ARS) is an inorganic dye, and it can be used to show the presence of barium and lead since ARS will stain these elements, as well as calcium. 8 -10 GSR are better visualized in tissue samples stained with ARS in comparison to tissue samples stained with hematoxylin and eosin and with other stains. In the 1980s, morphometric investigations using image analysis have also become widespread in the determination of GSR. 9 -12 In this experimental study, cartridges were used with primers of known content and a commonly used type of handgun. The clothing was analyzed to determine heavy metal residues by SRT. The entry holes and the trajectory were also examined by image analysis. Our purpose was to analyze the distribution of GSR around the entry wounds and through the trajectory and to evaluate the effects of clothing. Additionally, it was aimed to test the potential usefulness of image analysis in the evaluation of the entry wounds.
MATERIALS AND METHODS
In this experimental study, we used calfskin covered by a white flannel undershirt and camouflage clothing. An animal had been killed for reasons unconnected with this study. The calfskin, which resembled human hairy skin in thickness, hair distribution, and histologic features of epidermal, subcutaneous, and dermal layers, was used in this experimental study. Calfskin and clothing were cut into 10-ϫ-10-cm squares, and the skin samples were stored at 4°C.
The same types of firearm and cartridges were used in this experimental study to lessen variations. Experimental shots were carried out by using 9-mm parabellum-type cartridges. The primers in the 9-mm parabellum-type cartridges produced by the Turkish Machinery and Chemistry Foundation contained approximately 9 mg lead stifnate, 4 mg antimony sulfur, and 9 mg barium nitrate. 3 The firearm was a self-loading pistol (Taurus PT92 AF) with an internal firearm barrel diameter of 9 mm. Shootings were made at a right angle. The weather was clear and windless, and the temperature was 12°C at the time of the experiment.
Calfskin pieces were attached to a cardboard target and were covered with a white flannel undershirt and a piece of military camouflage clothing. The ranges were 0 cm (contact), 2.5, 5, 10, 20, 30, 45 and 60 cm. It is reported that 5-10 shots are required to ensure statistically meaningful results in determination of GSR, 13 so 5 shots were fired from each distance. After every shooting, gross findings were evaluated and their photographs were taken. From all of the 40 calfskin samples, a circular region of 5-cm diameter was removed from around the entry wounds, and photographs were taken again. These skin parts were fixed in 10% neutral buffered formalin solution.
SRT was applied to the pieces of clothing as follows. A filter paper was sprayed by a 15% solution of glacial acetic acid in distilled water. This filter paper was placed on the cloth containing the bullet entrance, covered with several layers of dry filter paper, and ironed. The dried filter paper which was in direct contact with the cloth was removed and sprayed with a freshly prepared saturated solution of sodium rhodizonate in distilled water. Red dots indicating the pres-ence of heavy metals were evaluated macroscopically and were photographed.
Before sectioning, the skin samples were cleaned and shaved. Some of the particles were removed inevitably as a consequence. Two samples of skin were taken from the 2 opposite sides of each entry hole for histopathologic and morphologic examination. Totally, 80 samples were taken. Tissues were processed for light microscopic examination, embedded in paraffin, and standard 4-m-thick sections were obtained. Sections were stained with Tschirhart technique to show GSR. 8 Additionally, ARS-stained sections were also prepared to highlight the metallic GSR particles. GSR particles were stained darkly with ARS, while the remaining parts stained lightly. The total area of GSR particles was measured with the aid of image analysis.
A personal computer with a frame-grabber card (Matrox Meteor; Matrox Inc., Quebec, Canada), a light microscope with motorized stage (Zeiss Axioscope, Oberkochen, Germany), a digital camera attached to the microscope (Sony AVT horn 3 CCD RGB digital camera; Sony Inc., New York, NY) and a macrobased image analysis software (Karl Zeiss KS 400 version 3.0 for Windows, Oberkochen, Germany) running on Windows NT 4.0 (service pack 6a) operating system were used for measurements.
For standardization of measurements, a semiautomatic, interactive "macro" (a batch file containing all of the definitions and commands to accomplish a specific task) was written by one of the authors (B.C.), with the aid of KS 400 built-in macro language. Samples stained with ARS were examined with a ϫ2.5 objective. The total area of GSR for each sample was measured as pixels in an image of 768 ϫ 576 pixels in size. Each sample was measured and the mean area occupied by GSR was recorded. The results were evaluated with nonparametric statistical tests and correlation analysis using SPSS for Windows version 11.0 software.
RESULTS

Camouflage Clothing
A dark halo of soot was seen around the irregular entry hole in military camouflage clothing samples from the contact shooting group. Gross residues were present on all samples from the Յ45-cm groups. The rhodizonate test revealed GSR on all samples in our series, including the 60-cm shooting group.
Flannel Undershirt
A dark halo of soot was also seen around the irregular entry hole in the white flannel undershirt samples from the contact shooting group. Gross residues were present on samples from the contact shooting group. The rhodizonate test also revealed GSR around the entry hole in the contact shooting samples. Except the bullet wipe, no GSR was detected for shots at a distance of 2.5 cm or over.
unremarkable. The diameters of the defects were larger than that of the bullets in all groups. The amount of GSR was measured using image analysis on skin samples stained with ARS ( Fig. 1) . A higher amount of residues was seen on samples from the closer-range shots (Fig. 2) . At increased ranges of shot, the density of the gunpowder particles around the entry holes was decreased. The amount of GSR around the wounds decreased, while the ranges increased, and this correlation was found to be linear (P Ͻ 0.0001; r ϭ Ϫ0.850).
No residue was detectable in samples from groups 10 cm and over. The results are summarized in Table 1 .
DISCUSSION
Shots fired at close distance are encountered in a great percentage of suicides and criminal and accidental injuries. For this reason, GSR around the entry holes may provide important data in criminal investigation. In investigation of GSR, the best method is formation of a standard by experimental shots with the same type of firearm and its cartridges under the same conditions. 14 A commonly available firearm and its cartridges were used in this study.
Examination of the clothing is a part of forensic study in cases of gunshot wounds, and this provides information about the estimated firing distance and in the determination of entry wounds. Tearing of the edges of entry holes on clothing can occur not only in contact shots but also in near contact shots with intermediate-and high-caliber firearms. 1, 3 In this study, tearing of the edges of entry holes on clothing and skins was detected only in contact wounds.
GSR were seen grossly on military camouflage clothing in samples from the Յ45-cm group. Clothing may absorb soot and may prevent the skin from searing in contact shots. 3 In this study, GSR were seen only in contact shots on white flannel undershirts. However, with SRT, only bullet wipe was determined at distances greater than contact.
It has been reported in previous image analysis studies that with increasing range, the amount of detected GSR decreases around the entry wound. 9, 10, 12 However, the relationship between these variables has not always been linear. 9, 10, 12 In this study, the amount of GSR around the wounds decreased, while the ranges increased, and this correlation was found to be linear (P Ͻ 0.0001; rϭ Ϫ0.850). However, the small number of shots and samples may limit the usefulness of our results. On the other hand, our failure to detect residues on histopathologic examination of the skin samples from shots of relatively close range demonstrates once again the fact that clothing can significantly affect the amount of GSR in the skin.
The distribution and amount of GSR have been shown to vary about as much as 10 times with neutron activation analysis following shots fired with the same type of cartridges and firearm, causing a high standard deviation. 1 Some of the GSR go through the trajectory with close-contact shots. In this study, as in previous studies, 9, 10, 12 it was shown that objects like clothing, bristles, etc can greatly affect the distribution and density of GSR on skin. The amount of these residues can be measured but cannot be standardized. 15 Clothing, although very important forensically, can be unavailable for examination due to various reasons. These include, among other reasons, poor legal and forensic infrastructure, presence of poorly trained personnel in handling the cases, and plain neglect. Improper handling of clothing like transport in a nylon bag while the items were wet has been a frequent problem locally. Under these circumstances, the forensic expert needs as much information as he or she can get from the only available specimen: the skin.
The ARS can help detect residues smaller than can be detected with the naked eye. 9, 10, 12 In our study, none of the skin samples except the contact ones contained grossly visible residues. The amount of GSR detected using image analysis decreased as a function of increasing distance. However, the residues were seen only in a minority of shots, all from the close-range groups. We believe that this can still be of significance in potential forensic cases where the clothing is not available.
Our findings suggest that the presence of GSR as detected by image analysis can be used as contributory evidence in the determination of shooting distance. The findings are, however, not powerful enough to suggest this approach as an independent method of evaluation. The image analysis technique can be combined with other techniques to provide potentially valuable data in the determination of entry wounds and also in the estimation of firing distance.
